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SECTION 23 0130.51
HVAC AIR-DISTRIBUTION SYSTEM CLEANING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Cleaning of HVAC duct system, equipment, and related components.
1.02 RELATED REQUIREMENTS

A. Section 01 4000 - Quality Requirements:  Additional requirements for testing and inspection agencies.
1.03 DEFINITIONS

A. HVAC System:  For purposes of this section, the surfaces to be cleaned include all interior surfaces of 
the heating, air-conditioning and ventilation system from the points where the air enters the system to the 
points where the air is discharged from the system, including the inside of air distribution equipment, 
coils, and condensate drain pans; see NADCA ACR for more details.
1. Above-ceiling plenum for supply air is required to be cleaned.
2. Above-ceiling plenum for return air is required to be cleaned.
3. Exhaust-only system is required to be cleaned.

1.04 REFERENCE STANDARDS
A. NADCA ACR - Assessment, Cleaning and Restoration of HVAC Systems; 2013.
B. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; current edition, including all 

revisions.
C. UL 181A - Closure Systems for Use with Rigid Air Ducts; Current Edition, Including All Revisions.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Manufacturer's data sheets on each product to be used.
C. Material Safety Data Sheets (MSDS):  For all chemical products proposed to be used in the cleaning 

process; submit directly to Owner.
D. Project Closeout Report:  Include field quality control reports, evidence of satisfactory cleaning, and 

documentation of items needing further repair.
1.06 QUALITY ASSURANCE

A. Cleaning Contractor Qualifications:  Company specializing in the cleaning and restoration of HVAC 
systems as specified in this section.
1. Certified by one of the following:

a. NADCA, National Air Duct Cleaners Association:  www.nadca.com
2. Having minimum of three years documented experience.
3. Employing for this project a supervisor certified as an Air Systems Cleaning Specialist by 

NADCA.
PART 2  PRODUCTS
2.01 TOOLS AND EQUIPMENT

A. Vacuum Devices and Other Tools:  Exceptionally clean, in good working order, and sealed when brought 
into the facility. 

B. Vacuum Devices That Exhaust Air Inside Building, Including Hand-Held and Wet Vacuums:  Equipped 
with HEPA filtration with 99.97 percent collection efficiency for minimum 0.3-micron size particles and 
DOP test number. 

C. Vacuum Devices That Exhaust Air Outside Building, Including Truck- and Trailer-Mounted Types:  
Equipped with particulate collection including adequate filtration to contain debris removed from the 
HVAC system; exhausted in manner that prevents contaminant re-entry to building; compliant with 
applicable regulations as to outdoor environmental contamination.
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PART 3  EXECUTION
3.01 PROJECT CONDITIONS

A. Comply with applicable federal, state, and local requirements.
B. Perform cleaning, inspection, and remediation in accordance with the recommendations of NADCA 

"Assessment, Cleaning and Restoration of HVAC Systems" (ACR) and as specified herein.
C. Where NADCA ACR uses the terms "recommended", "highly recommended", or "ideally" in regard to a 

certain procedure or activity, do that unless it is clearly inapplicable to the project.
D. Obtain Owner's approval of proposed temporary locations for large equipment.
E. Designate a decontamination area and obtain Owner's approval.
F. If unforeseen mold or other biological contamination is encountered, notify Architect immediately, 

identifying areas affected and extent and type of contamination.
3.02 EXAMINATION

A. Inspect the system as required to determine appropriate methods, tools, equipment, and protection.
B. Start of cleaning work constitutes acceptance of existing conditions.
C. When concealed spaces are later made accessible, examine and document interior conditions prior to 

beginning cleaning.
D. Document all instances of mold growth, rodent droppings, other biological hazards, and damaged system 

components.
3.03 PREPARATION

A. When cleaning work might adversely affect life safety systems, including fire and smoke detection, 
alarm, and control, coordinate scheduling and testing and inspection procedures with authorities having 
jurisdiction.

B. Ensure that electrical components that might be adversely affected by cleaning are de-energized, locked 
out, and protected prior to beginning work.

C. Air-Volume Control Devices:  Mark the original position of dampers and other air-directional 
mechanical devices inside the HVAC system prior to starting cleaning.

D. Access to Concealed Spaces:  Use existing service openings and make additional service openings as 
required to accomplish cleaning and inspection.
1. Do not cut openings in non-HVAC components without obtaining the prior approval of Owner.
2. Make new openings in HVAC components in accordance with NADCA Standard 05; do not 

compromise the structural integrity of the system.
3. Do not cut service openings into flexible duct; disconnect at ends for cleaning and inspection.

E. Ceiling Tile:  Lay-in ceiling tile may be removed to gain access to HVAC systems during the cleaning 
process; protect tile from damage and reinstall upon completion; replace damaged tile.

3.04 CLEANING
A. Use any cleaning method recommended by NADCA ACR unless otherwise specified; do not use 

methods prohibited by NADCA ACR, or that will damage HVAC components or other work, or that will 
significantly alter the integrity of the system.

B. Obtain Owner's approval before using wet cleaning methods; ensure that drainage is adequate before 
beginning.

C. Ducts:  Mechanically clean all portions of ducts.
D. Hoses, Cables, and Extension Rods:  Clean using suitable sanitary damp wipes at the time they are being 

removed or withdrawn from their normal position.
E. Registers, Diffusers, and Grilles:  When removing, take care to prevent containment exposure due to 

accumulated debris.



Eisenbach & Ruhnke Engineering, P.C.             Yonkers Public Schools
E&R Project #Y19RIV01               Riverside High School
YPS #10874 Interior Renovations, Doors, Security and Site Work

23 0130.51 - 3 HVAC AIR-DISTRIBUTION 
SYSTEM CLEANING

F. Coils:  Follow NADCA ACR completely including measuring static pressure drop before and after 
cleaning; do not remove refrigeration coils from system to clean; report coils that are permanently 
impacted. 

G. Collect debris removed during cleaning; ensure that debris is not dispersed outside the HVAC system 
during the cleaning process.

H. Store contaminated tools and equipment in polyethylene bags until cleaned in the designated 
decontamination area.

3.05 REPAIR
A. Repair openings cut in the ventilation system so that they do not significantly alter the airflow or 

adversely impact the facility's indoor air quality. 
B. At insulated ducts and components, accomplish repairs in such a manner as to achieve the equivalent 

thermal value.
C. Reseal new openings in accordance with NADCA Standard 05.
D. Reseal rigid fiber glass duct systems using closure techniques that comply with UL 181 or UL 181A.
E. When new openings are intended to be capable of being re-opened in the future, clearly mark them and 

report their locations to Owner in project report documents.
3.06 FIELD QUALITY CONTROL

A. Ensure that the following field quality control activities are completed prior to application of any 
treatments or coatings and prior to returning HVAC system to normal operation.

B. Visually inspect all portions of the cleaned components; if not visibly clean as defined in NADCA ACR,
re-clean and reinspect.

C. Coils:  Cleaning must restore the coil pressure drop to within 10 percent of the coil's original installed 
pressure drop; if original pressure drop is not known, coil will be considered clean if free of foreign 
matter and chemical residue based on visual inspection.

D. Notify Architect when cleaned components are ready for inspection.
E. When directed, re-clean components until they pass.
F. Submit evidence that all portions of the system required to be cleaned have been cleaned satisfactorily.

3.07 ADJUSTING
A. After satisfactory completion of field quality control activities, restore adjustable devices to original 

settings, including, but not limited to, dampers, air directional devices, valves, fuses, and circuit breakers.
3.08 WASTE MANAGEMENT

A. Double-bag waste and debris in 6 mil, 0.006 inch (0.1524 mm) thick polyethylene plastic bags.
B. Dispose of debris off-site in accordance with applicable federal, state and local requirements.

END OF SECTION
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SECTION 23 0513 
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. General construction and requirements. 
B. Applications. 
C. Three phase electric motors. 

1.02 REFERENCE STANDARDS 
A. NEMA MG 1 - Motors and Generators; 2018. 
B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction, 

Including All Applicable Amendments and Supplements. 
1.03 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements for submittal procedures. 
1.04 QUALITY ASSURANCE 

A. Comply with NFPA 70. 
PART 2  PRODUCTS 
2.01 GENERAL CONSTRUCTION AND REQUIREMENTS 

A. Construction: 
1. Open drip-proof type except where specifically noted otherwise. 
2. Design for continuous operation in 104 degrees F (40 degrees C) environment. 
3. Design for temperature rise in accordance with NEMA MG 1 limits for insulation class, service 

factor, and motor enclosure type. 
B. Visible Nameplate:  Indicating motor horsepower, voltage, phase, cycles, RPM, full load amps, locked 

rotor amps, frame size, manufacturer's name and model number, service factor, power factor, efficiency. 
C. Wiring Terminations: 

1. Provide terminal lugs to match branch circuit conductor quantities, sizes, and materials indicated.  
Enclose terminal lugs in terminal box sized to NFPA 70, threaded for conduit. 

2. For fractional horsepower motors where connection is made directly, provide threaded conduit 
connection in end frame. 

2.02 APPLICATIONS 
2.03 THREE PHASE POWER - SQUIRREL CAGE MOTORS 
PART 3  EXECUTION 
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
B. Install securely on firm foundation.  Mount ball bearing motors with shaft in any position. 
C. Check line voltage and phase and ensure agreement with nameplate. 

END OF SECTION 
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SECTION 23 0529 
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Support and attachment components for equipment, piping, and other HVAC/hydronic work. 
1.02 RELATED REQUIREMENTS 

A. Section 03 3000 - Cast-in-Place Concrete:  Concrete equipment pads. 
1.03 REFERENCE STANDARDS 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel 
Products; 2017. 

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware; 
2016a. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel; 2015. 
D. MFMA-4 - Metal Framing Standards Publication; 2004. 

1.04 ADMINISTRATIVE REQUIREMENTS 
A. Coordination: 

1. Coordinate sizes and arrangement of supports and bases with the actual equipment and components 
to be installed. 

2. Coordinate the work with other trades to provide additional framing and materials required for 
installation. 

3. Coordinate compatibility of support and attachment components with mounting surfaces at the 
installed locations. 

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other potential 
conflicts installed under other sections or by others. 

5. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain direction 
before proceeding with work. 

B. Sequencing: 
1. Do not install products on or provide attachment to concrete surfaces until concrete has fully cured 

in accordance with Section 03 3000. 
1.05 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements, for submittal procedures. 
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel (strut) framing 

systems, nonpenetrating rooftop supports, post-installed concrete and masonry anchors, and thermal 
insulated pipe supports. 

1.06 QUALITY ASSURANCE 
A. Comply with applicable building code. 

PART 2  PRODUCTS 
2.01 SUPPORT AND ATTACHMENT COMPONENTS 

A. General Requirements: 
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and hardware as 

necessary for the complete installation of plumbing work. 
2. Provide products listed, classified, and labeled as suitable for the purpose intended, where 

applicable. 
3. Where support and attachment component types and sizes are not indicated, select in accordance 

with manufacturer's application criteria as required for the load to be supported.  Include 
consideration for vibration, equipment operation, and shock loads where applicable. 
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4. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless specifically 
indicated or permitted. 

5. Steel Components:  Use corrosion resistant materials suitable for the environment where installed. 
a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise 

indicated. 
b. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633. 
c. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM 

A123/A123M or ASTM A153/A153M. 
B. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel (strut) and 

associated fittings, accessories, and hardware required for field-assembly of supports. 
1. Comply with MFMA-4. 
2. Channel Material: 

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel. 
C. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated. 

1. Minimum Size, Unless Otherwise Indicated or Required: 
a. Equipment Supports:  1/2 inch (13 mm) diameter. 
b. Piping up to 1 inch (27 mm) nominal:  1/4 inch (6 mm) diameter. 
c. Piping larger than 1 inch (27 mm) nominal:  3/8 inch (10 mm) diameter. 
d. Trapeze Support for Multiple Pipes:  3/8 inch (10 mm) diameter. 

D. Anchors and Fasteners: 
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener types 

indicated for the specified applications. 
2. Concrete:  Use expansion anchors or screw anchors. 
3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors. 
4. Hollow Masonry:  Use toggle bolts. 
5. Hollow Stud Walls:  Use toggle bolts. 
6. Steel:  Use beam clamps, machine bolts, or welded threaded studs. 
7. Sheet Metal:  Use sheet metal screws. 
8. Wood:  Use wood screws. 
9. Plastic and lead anchors are not permitted. 
10. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC Evaluation 

Service, LLC (ICC-ES) for compliance with applicable building code. 
PART 3  EXECUTION 
3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 
B. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) evaluation 

report conditions of use where applicable. 
C. Provide independent support from building structure.  Do not provide support from piping, ductwork, 

conduit, or other systems. 
D. Unless specifically indicated or approved by Engineer, do not provide support from suspended ceiling 

support system or ceiling grid. 
E. Do not penetrate or otherwise notch or cut structural members without approval of Structural Engineer. 
F. Equipment Support and Attachment: 

1. Use metal fabricated supports or supports assembled from metal channel (strut) to support 
equipment as required. 

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on hollow stud 
walls when wall strength is not sufficient to resist pull-out. 

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations to 
provide space between equipment and mounting surface. 
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4. Securely fasten floor-mounted equipment.  Do not install equipment such that it relies on its own 
weight for support. 

G. Secure fasteners according to manufacturer's recommended torque settings. 
H. Remove temporary supports. 

3.02 FIELD QUALITY CONTROL 
A. Inspect support and attachment components for damage and defects. 
B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer.  

Replace components that exhibit signs of corrosion. 
C. Correct deficiencies and replace damaged or defective support and attachment components. 

END OF SECTION 
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SECTION 23 0593 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Testing, adjustment, and balancing of air systems. 
1.02 RELATED REQUIREMENTS 

A. Section 23 0800 - Commissioning of HVAC. 
1.03 REFERENCE STANDARDS 

A. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems; 2008 
(Reaffirmed 2017). 

B. NEBB (TAB) - Procedural Standards for Testing Adjusting and Balancing of Environmental Systems; 
2015, with Errata (2017). 

1.04 SUBMITTALS  
A. See Section 01 3000 - Administrative Requirements, for submittal procedures. 
B. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be followed 

and the specific approach for each system and component. 
1. Include at least the following in the plan: 

a. List of all air flow, water flow, sound level, system capacity and efficiency measurements to 
be performed and a description of specific test procedures, parameters, formulas to be used. 

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to be tested, 
adjusted and balanced with the data cells to be gathered for each. 

c. Discussion of what notations and markings will be made on the duct and piping drawings 
during the process. 

d. Final test report forms to be used. 
e. Procedures for formal deficiency reports, including scope, frequency and distribution. 

C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and balancing 
of systems and equipment to achieve specified performance. 
1. Revise TAB plan to reflect actual procedures and submit as part of final report. 
2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final copies 

for Architect and for inclusion in operating and maintenance manuals. 
3. Include actual instrument list, with manufacturer name, serial number, and date of calibration. 
4. Form of Test Reports:  Where the TAB standard being followed recommends a report format use 

that; otherwise, follow ASHRAE Std 111. 
5. Units of Measure:  Report data in both I-P (inch-pound) and SI (metric) units. 

PART 2  PRODUCTS - NOT USED 
PART 3  EXECUTION 
3.01 GENERAL REQUIREMENTS 

A. Perform total system balance in accordance with one of the following: 
B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work prior to 

Substantial Completion of the project. 
C. TAB Agency Qualifications: 

1. Company specializing in the testing, adjusting, and balancing of systems specified in this section. 
3.02 EXAMINATION  

A. Verify that systems are complete and operable before commencing work.  Ensure the following 
conditions: 
1. Systems are started and operating in a safe and normal condition. 
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B. Submit field reports.  Report defects and deficiencies that will or could prevent proper system balance. 
C. Beginning of work means acceptance of existing conditions. 

3.03 PREPARATION  
3.04 ADJUSTMENT TOLERANCES 

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems and plus or 
minus 10 percent of design for return and exhaust systems. 

3.05 AIR SYSTEM PROCEDURE 
A. Adjust air handling and distribution systems to provide required or design supply, return, and exhaust air 

quantities at site altitude. 
END OF SECTION 
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SECTION 23 0713 
DUCT INSULATION 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Duct insulation. 
1.02 REFERENCE STANDARDS 

A. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2020. 
B. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current Edition, 

Including All Revisions. 
1.03 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements, for submittal procedures. 
PART 2  PRODUCTS 
2.01 REGULATORY REQUIREMENTS 

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, maximum, when 
tested in accordance with ASTM E84 or UL 723. 

PART 3  EXECUTION 
3.01 EXAMINATION 

A. Test ductwork for design pressure prior to applying insulation materials. 
B. Verify that surfaces are clean, foreign material removed, and dry. 

3.02 INSTALLATION 
A. Install in accordance with manufacturer's instructions. 
B. Install in accordance with NAIMA National Insulation Standards. 

3.03 SCHEDULES - SEE DRAWING M500 
END OF SECTION 
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SECTION 23 0800 
COMMISSIONING OF HVAC 

PART 1  GENERAL 
1.01 SUMMARY 

A. See Section 01 9113 - General Commissioning Requirements for overall objectives; comply with the 
requirements of Section 01 9113. 

B. This section covers the Contractor's responsibilities for commissioning; each subcontractor or installer 
responsible for the installation of a particular system or equipment item to be commissioned is 
responsible for the commissioning activities relating to that system or equipment item. 

C. The Commissioning Authority (CA) directs and coordinates all commissioning activities and provides 
Prefunctional Checklists and Functional Test Procedures for Contractor's use. 

D. The entire HVAC system is to be commissioned, including commissioning activities for the following 
specific items: 
1. Other equipment and systems explicitly identified elsewhere in Contract Documents as requiring 

commissioning. 
E. The Prefunctional Checklist and Functional Test requirements specified in this section are in addition to, 

not a substitute for, inspection or testing specified in other sections. 
1.02 REFERENCE STANDARDS 

A. ASHRAE Guideline 1.1 - The HVAC&R Technical Requirements for the Commissioning Process; 2007, 
with Errata (2012). 

1.03 SUBMITTALS 
A. Updated Submittals:  Keep the Commissioning Authority informed of all changes to control system 

documentation made during programming and setup; revise and resubmit when substantial changes are 
made. 

B. Draft Prefunctional Checklists and Functional Test Procedures for Control System:  Detailed written plan 
indicating the procedures to be followed to test, checkout and adjust the control system prior to full 
system Functional Testing; include at least the following for each type of equipment controlled: 
1. System name. 
2. List of devices. 
3. Step-by-step procedures for testing each controller after installation, including: 

a. Process of verifying proper hardware and wiring installation. 
b. Process of downloading programs to local controllers and verifying that they are addressed 

correctly. 
c. Process of performing operational checks of each controlled component. 
d. Plan and process for calibrating valve and damper actuators and all sensors. 
e. Description of the expected field adjustments for transmitters, controllers and control 

actuators should control responses fall outside of expected values. 
4. Copy of proposed log and field checkout sheets to be used to document the process; include space 

for initial and final read values during calibration of each point and space to specifically indicate 
when a sensor or controller has “passed” and is operating within the contract parameters. 

5. Description of the instrumentation required for testing. 
6. Indicate what tests on what systems should be completed prior to TAB using the control system for 

TAB work.  Coordinate with the Commissioning Authority and TAB contractor for this 
determination. 

C. Startup Reports, Prefunctional Checklists, and Trend Logs:  Submit for approval of Commissioning 
Authority. 

D. HVAC Control System O&M Manual Requirements.  In addition to documentation specified elsewhere, 
compile and organize at minimum the following data on the control system: 
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1. Specific step-by-step instructions on how to perform and apply all functions, features, modes, etc. 
mentioned in the controls training sections of this specification and other features of this system.  
Provide an index and clear table of contents.  Include the detailed technical manual for 
programming and customizing control loops and algorithms. 

2. Full as-built set of control drawings. 
3. Full as-built sequence of operations for each piece of equipment. 
4. Full points list; in addition to the information on the original points list submittal, include a listing 

of all rooms with the following information for each room: 
a. Floor. 
b. Room number. 
c. Room name. 
d. Air handler unit ID. 
e. Reference drawing number. 
f. Air terminal unit tag ID. 
g. Heating and/or cooling valve tag ID. 
h. Minimum air flow rate. 
i. Maximum air flow rate. 

5. Full print out of all schedules and set points after testing and acceptance of the system. 
6. Full as-built print out of software program. 
7. Electronic copy on disk of the entire program for this facility. 
8. Marking of all system sensors and thermostats on the as-built floor plan and HVAC drawings with 

their control system designations. 
9. Maintenance instructions, including sensor calibration requirements and methods by sensor type, 

etc. 
10. Control equipment component submittals, parts lists, etc. 
11. Warranty requirements. 
12. Copies of all checkout tests and calibrations performed by the Contractor (not commissioning 

tests). 
13. Organize and subdivide the manual with permanently labeled tabs for each of the following data in 

the given order: 
a. Sequences of operation. 
b. Control drawings. 
c. Points lists. 
d. Controller and/or module data. 
e. Thermostats and timers. 
f. Sensors and DP switches. 
g. Valves and valve actuators. 
h. Dampers and damper actuators. 
i. Program setups (software program printouts). 

E. Project Record Documents:  See Section 01 7800 for additional requirements. 
1. Submit updated version of control system documentation, for inclusion with operation and 

maintenance data. 
2. Show actual locations of all static and differential pressure sensors (air, water and building 

pressure) and air-flow stations on project record drawings.  
F. Draft Training Plan:  In addition to requirements specified in Section 01 7900, include: 

1. Follow the recommendations of ASHRAE Guideline 1.1. 
2. Control system manufacturer's recommended training. 
3. Demonstration and instruction on function and overrides of any local packaged controls not 

controlled by the HVAC control system. 
G. Training Manuals:  See Section 01 7900 for additional requirements. 

1. Provide three extra copies of the controls training manuals in a separate manual from the O&M 
manuals. 
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PART 2  PRODUCTS 
2.01 TEST EQUIPMENT 

A. Provide all standard testing equipment required to perform startup and initial checkout and required 
functional performance testing; unless otherwise noted such testing equipment will NOT become the 
property of Owner. 

B. Equipment-Specific Tools:  Where special testing equipment, tools and instruments are specific to a 
piece of equipment, are only available from the vendor, and are required in order to accomplish startup or 
Functional Testing, provide such equipment, tools, and instruments as part of the work at no extra cost to 
Owner; such equipment, tools, and instruments are to become the property of Owner. 

PART 3  EXECUTION 
3.01 PREPARATION 

A. Cooperate with the Commissioning Authority in development of the Prefunctional Checklists and 
Functional Test Procedures. 

B. Furnish additional information requested by the Commissioning Authority. 
C. Prepare a preliminary schedule for HVAC pipe and duct system testing, flushing and cleaning, 

equipment start-up and testing, adjusting, and balancing start and completion for use by the 
Commissioning Authority; update the schedule as appropriate. 

D. Notify the Commissioning Authority when pipe and duct system testing, flushing, cleaning, startup of 
each piece of equipment and testing, adjusting, and balancing will occur; when commissioning activities 
not yet performed or not yet scheduled will delay construction notify ahead of time and be proactive in 
seeing that the Commissioning Authority has the scheduling information needed to efficiently execute 
the commissioning process. 

E. Put all HVAC equipment and systems into operation and continue operation during each working day of 
testing, adjusting, and balancing and commissioning, as required. 

F. Provide test holes in ducts and plenums where directed to allow air measurements and air balancing; 
close with an approved plug. 

G. Provide temperature and pressure taps in accordance with Contract Documents. 
3.02 INSPECTING AND TESTING - GENERAL 

A. Submit startup plans, startup reports, and Prefunctional Checklists for each item of equipment or other 
assembly to be commissioned. 

B. Perform the Functional Tests directed by the Commissioning Authority for each item of equipment or 
other assembly to be commissioned. 

C. Provide two-way radios for use during the testing. 
D. Valve/Damper Stroke Setup and Check: 

1. For all valve/damper actuator positions checked, verify the actual position against the control 
system readout.  

2. Set pump/fan to normal operating mode. 
3. Command valve/damper closed; visually verify that valve/damper is closed and adjust output zero 

signal as required.  
4. Command valve/damper open; verify position is full open and adjust output signal as required. 
5. Command valve/damper to a few intermediate positions.   
6. If actual valve/damper position does not reasonably correspond, replace actuator or add pilot 

positioner (for pneumatics).  
E. Isolation Valve or System Valve Leak Check:  For valves not by coils. 

1. With full pressure in the system, command valve closed.  
2. Use an ultra-sonic flow meter to detect flow or leakage. 

F. Deficiencies:  Correct deficiencies and re-inspect or re-test, as applicable, at no extra cost to Owner. 
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3.03 TAB COORDINATION 
A. TAB:  Testing, adjusting, and balancing of HVAC. 
B. Coordinate commissioning schedule with TAB schedule. 
C. Review the TAB plan to determine the capabilities of the control system toward completing TAB. 
D. Provide all necessary unique instruments and instruct the TAB technicians in their use; such as handheld 

control system interface for setting terminal unit boxes, etc. 
E. Have all required Prefunctional Checklists, calibrations, startup and component Functional Tests of the 

system completed and approved by the Commissioning Authority prior to starting TAB. 
F. Provide a qualified control system technician to operate the controls to assist the TAB technicians or 

provide sufficient training for the TAB technicians to operate the system without assistance. 
3.04 CONTROL SYSTEM FUNCTIONAL TESTING 

A. Prefunctional Checklists for control system components will require a signed and dated certification that 
all system programming is complete as required to accomplish the requirements of Contract Documents 
and the detailed Sequences of Operation documentation submittal. 

B. Do not start Functional Testing until all controlled components have themselves been successfully 
Functionally Tested in accordance with Contract Documents. 

C. Using a skilled technician who is familiar with this building, execute the Functional Testing of the 
control system as required by the Commissioning Authority. 

D. Functional Testing of the control system constitutes demonstration and trend logging of control points 
monitored by the control system. 
1. The scope of trend logging is partially specified; trend log up to 50 percent more points than 

specified at no extra cost to Owner. 
2. Perform all trend logging specified in Prefunctional Checklists and Functional Test procedures. 

E. Functionally Test integral or stand-alone controls in conjunction with the Functional Tests of the 
equipment they are attached to, including any interlocks with other equipment or systems; further testing 
during control system Functional Test is not required unless specifically indicated below. 

F. Demonstrate the following to the Commissioning Authority during testing of controlled equipment; 
coordinate with commissioning of equipment. 
1. Setpoint changing features and functions. 
2. Sensor calibrations. 

G. Demonstrate to the Commissioning Authority: 
1. That all specified functions and features are set up, debugged and fully operable. 
2. That scheduling features are fully functional and setup, including holidays. 
3. That all graphic screens and value readouts are completed. 
4. Correct date and time setting in central computer. 
5. That field panels read the same time as the central computer; sample 10 percent of field panels; if 

any of those fail, sample another 10 percent; if any of those fail test all remaining units at no extra 
cost to Owner. 

6. Functionality of field panels using local operator keypads and local ports (plug-ins) using portable 
computer/keypad; demonstrate 100 percent of panels and 10 percent of ports; if any ports fail, 
sample another 10 percent; if any of those fail, test all remaining units at no extra cost to Owner. 

7. Power failure and battery backup and power-up restart functions. 
8. Global commands features. 
9. Security and access codes. 
10. Occupant over-rides (manual, telephone, key, keypad, etc.). 
11. O&M schedules and alarms. 
12. Occupancy sensors and controls. 
13. All control strategies and sequences not tested during controlled equipment testing. 
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H. If the control system, integral control components, or related equipment do not respond to changing 
conditions and parameters appropriately as expected, as specified and according to acceptable operating 
practice, under any of the conditions, sequences, or modes tested, correct all systems, equipment, 
components, and software required at no additional cost to Owner. 

3.05 OPERATION AND MAINTENANCE MANUALS 
A. See Section 01 7800 for additional requirements. 
B. Add design intent documentation furnished by Architect to manuals prior to submission to Owner. 
C. Submit manuals related to items that were commissioned to Commissioning Authority for review; make 

changes recommended by Commissioning Authority. 
D. Commissioning Authority will add commissioning records to manuals after submission to Owner. 

3.06 DEMONSTRATION AND TRAINING 
A. See Section 01 7900 for additional requirements. 
B. Demonstrate operation and maintenance of HVAC system to Owner' personnel; if during any 

demonstration, the system fails to perform in accordance with the information included in the O&M 
manual, stop demonstration, repair or adjust, and repeat demonstration.  Demonstrations may be 
combined with training sessions if appropriate. 

C. These demonstrations are in addition to, and not a substitute for, Prefunctional Checklists and 
demonstrations to the Commissioning Authority during Functional Testing. 

D. Provide classroom and hands-on training of Owner's designated personnel on operation and maintenance 
of the HVAC system, control system, and all equipment items indicated to be commissioned.  Provide 
the following minimum durations of training: 

E. TAB Review:  Instruct Owner's personnel for minimum  4 hours, after completion of TAB, on the 
following: 
1. Review final TAB report, explaining the layout and meanings of each data type. 
2. Discuss any outstanding deficient items in control, ducting or design that may affect the proper 

delivery of air or water. 
3. Identify and discuss any terminal units, duct runs, diffusers, coils, fans and pumps that are close to 

or are not meeting their design capacity. 
4. Discuss any temporary settings and steps to finalize them for any areas that are not finished. 
5. Other salient information that may be useful for facility operations, relative to TAB. 

F. HVAC Control System Training:  Perform training in at least three phases: 
1. Phase 1 - Basic Control System:  Provide minimum of  4  hours of actual training on the control 

system itself.  Upon completion of training, each attendee, using appropriate documentation, should 
be able to perform elementary operations and describe general hardware architecture and 
functionality of the system. 
a. This training may be held on-site or at the manufacturer's facility.   
b. If held off-site, the training may occur prior to final completion of the system installation. 
c. For off-site training, Contractor shall pay expenses of up to two attendees. 

2. Phase 2 - Integrating with HVAC Systems:  Provide minimum of 8 hours of on-site, hands-on 
training after completion of Functional Testing.  Include instruction on: 
a. The specific hardware configuration of installed systems in this facility and specific 

instruction for operating the installed system, including interfaces with other systems, if any. 
b. Security levels, alarms, system start-up, shut-down, power outage and restart routines, 

changing setpoints and alarms and other typical changed parameters, overrides, freeze 
protection, manual operation of equipment, optional control strategies that can be considered, 
energy savings strategies and set points that if changed will adversely affect energy 
consumption, energy accounting, procedures for obtaining vendor assistance, etc. 

c. Trend logging and monitoring features (values, change of state, totalization, etc.), including 
setting up, executing, downloading, viewing both tabular and graphically and printing trends; 
provide practice in setting up trend logging and monitoring during training session. 
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d. Every display screen, allowing time for questions. 
e. Point database entry and modifications. 

3. Phase 3 - Post-Occupancy:  Six months after occupancy conduct minimum of 4  hours of training.  
Tailor training session to questions and topics solicited beforehand from Owner.  Also be prepared 
to address topics brought up and answer questions concerning operation of  the system. 

G. Provide the services of manufacturer representatives to assist instructors where necessary. 
H. Provide the services of the HVAC controls instructor at other training sessions, when requested, to 

discuss the interaction of the controls system as it relates to the equipment being discussed. 
END OF SECTION 

 
 


